INTRODUCTION
The problem of a laminate composite with a crack normal to the interfaces was studied by Hilton and Sih [1] . The composite geometry in [1] consisted of a cracked layer bonded between two half planes of different elastic properties. This is an idealization of a many-layered composite where one concentrates on a single layer and approximates the effect of outer layers by prescribing some average elastic properties to the half-planes.
The aim of this study is to reconsider the same problem and analyze the case when the crack has propagated through the layer and is just touching the interfaces. The limiting cases when the matrix is rigid or has zero modulus of rigidity correspond to that of a finite strip with constrained or free sides respectively. The method of solution uses the displacement expressions derived by Sneddon [2] where the problem of a finite strip with a central crack normal to the strip boundaries is solved. First a crack problem will be formulated in terms of dual integral equations which will then be reduced to give a singular integral equation. This standard technique has been previously used by Erdogan and Gupta in various papers concerning crack problems [3] - [5] in composite structures.
The method used by Sneddon [2] and Hilton and Sih [1] enables them to reduce the problem to a Fredholm equation of second kind. It also requires the crack tips to be away from the interface, thus limiting its applicability. Similarly, displacement and stress fields for the half plane can be expressed as
-5-Again this representation identically satisfies the homogeneous boundary conditions (2) . The unknowns f 1 , g , f , g and cj> i will be solved by using four continuity conditions (1) and the mixed boundary conditions (3). Continuity conditions (1) may be written as 
Note that in (10) the boundary condition for displacement derivative instead of displacement is used. This is done to have same dimensions of the equations (9) and (10) .
In order to reduce the dual integral equations (9) and (10) to a singular integral equation, we define a new unknown function G(x) as follows.
, it is clear that .G(x) = 0 for a<|x|<h. Inverting (10) and using (11), we obtain
From (8), eliminating f 2 and g 2 , we find 'Displacement v t is half the crack opening displacement.
where
(13) must now be solved for f and g : and substituted in (9) to obtain an integral equation in <f> , or, by using (12), for
Combining (12) with the first integral of (9), a simple
Cauchy kernel is obtained [3] - [4] . Second integral in (9) would involve integrals in (15) which, when combined with (12),
give the following results. Using (16), the singular integral equation from (9) can "be expressed as The Case of a = h Referring to Figure 1 , when the crack extends to the interfaces (case of a broken laminate), the Fredholm kernel K(t,x) in (17) is no longer bounded and contains point singularities at t = h and x = ±h. To extract these singularities, we need to study the infinite integral in the expression for. K(t,x). It turns out that the asymptotic value of the integrand k(t,x,n) as n -> °° gives rise to these singularities.
The part of the kernel contributing these singularities may where, from (18), k^ is found'to be
Using the fol 1 owing\resul t [7] J n m e -n(2h-t) f sinhtnxH dn = d" 1 J e -n(2h-t)rsinh(nx
the singular kernel K (t,x) may be written as
To analyze the behavior of the unknown function G(t) near the end points, we must consider the dominant part of the singular integral equation which can be expressed as
G(t) is now assumed to have an integrable singularity at t = ±h which can be expressed as [8] 
where <j> 0 (z) is bounded everywhere except at the end points ±h where it has the following behavior
To consider (24) we need to reduce (27) for z = x, 2h+x and 2h-x, obtaining
Substituting (29) into (24) we obtain
where P(x) contains all the bounded functions. 
Noting that for this solution of a symmetric problem G(t) is an odd function, hence, H(t) is odd, i.e., H(t) = -H(-t),
given by (23) is a Fredholm's kernel for a<h and becomes singular for a = h. k(t,x,n) and k OT (t,x,n) are given by equations (18) and (21) respectively and are such that K f (t,x) is a Fredholm's kernel for a<h.
Solution of the Integral Equation
To solve (33), we first normalize the dimensions with can be solved quite conveniently for a <1 by using the method developed in [6] . The method may be extended for a Q = l as described in [5, 9, 10] , where the Gauss-Jacobi integration results are also presented in Table I. From this table and   Figures 2 Since a different method of solution was used in [1] , spot check of a few points was made using the method presented here. The results were in good agreement with those in UJ-ratio of the layer and keep the matrix unchanged. (A-l)
ic -3 , = -2 / G(t)dt t)s-i-ng-t-h-e-pro-pe-r-t-i-es-o-f-t-r-i-g-o-nome-t-r-i-e-f-u-nc-t-i-on-s-a-nd-t-h-e fact that G(t) is an odd function, the integrals can be reduced to the following form. 
